the heme domain of endothelial NOS in tetrahy-
subunit disulfide bond between symmetry-related Cys-109 residues that correspond to one of the ligands in at the bottom of the dimer interface involving a pair of cysteine residues, one from each monomer. We unameNOS, Cys-101. They also noted a disordering in residues 101-107 immediately preceding Cys-109. This apbiguously establish that these evolutionarily conserved cysteines are involved in coordinating a zinc atom that parent discrepancy between the two structures could be explained by a comparison of the proteins used in functions both to stabilize the H 4 B-binding site and to facilitate stereospecific pterin recognition. structure determination. Crane et al. (1998) obtained the iNOS oxygenase domain by independently expressing Here, we present a high-resolution crystal structure of a constitutive NOS (eNOS) heme domain both alone it in Escherichia coli, whereas the eNOS heme domain used in this study was derived via trypsinolysis of the and in complex with H 4 B. The similarity between the pterin-binding site in NOS and other pterin-utilizing enholoenzyme (containing both heme and reductase domains in a single polypeptide chain). NOS heme domains zymes indicates a catalytic role for H 4 B. We also provide structural evidence for the ability of the substrate, L-Arg, expressed per se have a tendency not to incorporate the metal ion (R. T. Miller and B. S. S. M., unpublished to bind at the H 4 B site. The cofactor mimicry by the substrate suggests a mechanism that directly implicates data). In the absence of the metal, due to the close structural proximity of the sulfhydryls, a disulfide bond the participation of a pterin radical cation in the catalytic cycle leading to NO biosynthesis. Further, the pterin-free can form in vitro. However, considering the strongly reducing conditions in the cytosol, the formation of a dimer structure provides a molecular proving ground for understanding the dysfunctional eNOS generated in disulfide would be both kinetically and thermodynamically disfavored (Schwabe and Klug, 1994). Hence, the H 4 B-depleted pathological states. loss of zinc in the iNOS structure most likely led to the disordering of the polypeptide chain in this region.
Results and Discussion
Owing to the strict conservation of the Cys-(X) 4 -Cys motif ( Figure 3 ) in all NOS sequences known to date, the Structure and Conformation of the eNOS Heme Domain zinc center is expected to be a common feature of all NO synthases. The eNOS heme domain (Figure 1) , metal center in eNOS is located at the bottom of the dimer heme domain dimer is similar to that reported for the R sym ϭ ⌺|I ϪϽIϾ|/⌺I, where I is the observed intensity and ϽIϾ the average intensity of multiple symmetry-related observations of that reflection. R iso ϭ ⌺|F PH Ϫ F P |/⌺ F P . R cullis Iso (acentric) ϭ rms lack of closure/rms isomorphous difference (statistics from SHARP). R cullis Ano ϭ rms lack of closure/rms anomalous difference (statistics from SHARP). Phasing power ϭ rms heavy atom structure factor/phase-integrated lack of closure (statistics from SHARP). Overall FOM, overall figure of merit (from SHARP). R free ϭ R factor calculated using 5% (3685 reflections) of the reflection data chosen randomly and set aside from the start of the refinement. a EMP, ethyl mercuric phosphate. OsO 3 Py 2 , osmium bis-pyridine; heavy atom derivatives were prepared with crystals generated by cocrystallization with the Se inhibitor. and 9-1). Multiwavelength anomalous diffraction (MAD) data were six sites initially assigned to selenium are most likely adducts of (CH 3 ) 2 As to both Cys-384 residues (one per monomer) from the collected at three wavelengths near the Se absorption edge using the inverse beam mode after aligning the crystal with a major axis cacodylate buffer used in crystallization. Since the crystallization solution contains excess reducing agents, we attribute this chemiscoincident with the rotation axis so that Bijvoet pairs could be measured simultaneously. Image plate data were reduced using the try (Barber, 1932) The final combined MAD and heavy atom refinement was done with SHARP (de La Fortelle and Bricogne, 1997) followed by density with selenium. Once the structure was refined, it was evident that the inhibitor had not bound. Three out of six sites initially assigned modification with either SOLOMON (Abrahams and Leslie, 1996) or DM. The latter calculation includes noncrystallographic symmetry to selenium were the new zinc site and two arsenic sites. Both atom types, Zn and As, were confirmed via a thorough analysis of Bijovet (NCS) averaging. The resulting experimental MAD-heavy atom derivative map at 2.35 Å was of sufficient quality to allow nearly all the difference Fourier calculations at multiple wavelengths. Two of the main chain atoms and 80% of the side chain atoms to be built into
